Climate Change Analysis And Stream Restoration In The Upper Truckee River Basin by Szigeti, Nicholas & Raslowsky, Christian
Santa Clara University 
Scholar Commons 
Civil, Environmental and Sustainable 
Engineering Senior Theses Engineering Senior Theses 
Spring 2020 
Climate Change Analysis And Stream Restoration In The Upper 
Truckee River Basin 
Nicholas Szigeti 
Christian Raslowsky 
Follow this and additional works at: https://scholarcommons.scu.edu/ceng_senior 
 Part of the Civil and Environmental Engineering Commons 
SANTA CLARA UNIVERSITY 
  
Department of Civil, Environmental, and Sustainable Engineering 
   
  
  
I HEREBY RECOMMEND THAT THE  
SENIOR DESIGN PROJECT REPORT 
PREPARED   
UNDER MY SUPERVISION BY  
  






CLIMATE CHANGE ANALYSIS AND STREAM 
RESTORATION IN THE UPPER TRUCKEE RIVER BASIN 
  
   
BE ACCEPTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS  
FOR THE DEGREE OF 
 
  
BACHELOR OF SCIENCE 
  
IN 
CIVIL, ENVIRONMENTAL, AND SUSTAINABLE ENGINEERING 
  
 
Thesis Advisor(s)                                  date   
 
 




Dr. Edwin Maurer 
 
Department Chair                       date  
 
 





CLIMATE CHANGE ANALYSIS AND STREAM 



















Submitted to   




SANTA CLARA UNIVERSITY 
  
in Partial Fulfillment of the Requirements   
for the degree of 
Bachelor of Science in Civil, Environmental, and Sustainable Engineering 
  
  
Santa Clara, California 
  
  




We would like to thank Dr. Laura Doyle and Dr. Ed 
Maurer for their invaluable guidance on this project. They handled 
the difficult task of advising and teaching virtually while ensuring 
this project was delivered both competently and punctually. 
 
A special thanks also goes out to all the great lecturers and 
professors of the Civil, Environmental, and Sustainable 
Engineering Department that taught us everything we know. 
 
Finally, we would like to thank the staff at the California 
Tahoe Conservancy who provided unique insights and data that 





 The Upper Truckee River (UTR) Basin is the largest watershed that drains into Lake 
Tahoe in the Sierra Nevada Mountain Range. Channelization and degradation of historic 
floodplains have caused fine sediment particles to erode from river banks and reduce the clarity 
of Lake Tahoe. In addition, as climate change worsens, it is expected that the hydrology of the 
region will not adhere to historical trends. To help solve these issues a climate analysis was 
conducted for a watershed near the UTR using four global climate models (due to lack of data 
availability and resources), and a scoured reach of the river was redesigned to restore the historic 
floodplain. While the climate analysis proved too variable to apply to the design flow, the 
channel restoration resulted in a stable bank that is resilient under an expected increase in peak 
flows due to climate change. 
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


7KHPD[LPXPODWHUDOUHWUHDWRIFPXQGHUWKHEDQNIXOOGLVFKDUJHLVIDUOHVVWKDQWKDWRI
WKHFXUUHQWFRQGLWLRQVFPRIUHWUHDW7KLVFURVVVHFWLRQZDVXSGDWHGWRDFFRXQWIRUWKHWRH
HURVLRQDQGWKHEDQNPRGHOZDVUXQWRGHWHUPLQHWKHFURVVVHFWLRQ¶VVWDELOLW\7KHIDFWRURI
VDIHW\WHVWLVVKRZQEHORZLQ)LJXUH 


)LJXUH%DQNPRGHORXWSXWLVVWDEOHZLWKDIDFWRURIVDIHW\RIRYHUSURYLGHGLQWKHILJXUHEHORZ


)LJXUH7KHEDQNLVVWDEOHZLWKDIDFWRURIVDIHW\ZHOORYHU7KHH[SHFWHGVKHDUDQJOHLVGHJUHHVKRZHYHU
IORZVPXFKKLJKHUWKDQWKHGHVLJQGLVFKDUJHZRXOGEHQHHGHGWRGHVWDELOL]HWKHEDQN





&RQFOXVLRQ
7KHIDFWRURIVDIHW\FDOFXODWHGERWKE\%67(0DQGE\DQDO\VLVRIWKHYDOXHVJHQHUDWHG
E\WKH+(&5$6PRGHOYHULILHGWKHVXFFHVVRIWKHGHVLJQ'HVSLWHGUDVWLFFKDQJHVWRWKH
PDWHULDOFRPSRVLWLRQRIWKHULYHUUHDFKWKHRXWSXWUHVXOWVDUHTXLWHEHQHILFLDOWRWKHIXWXUH
VXFFHVVRIWKHULYHU6KRZQEHORZLQWKHILJXUHLVWKHFRPSDULVRQRIWKHSUHYVSRVWPRGLILHG
ULYHUDWWKH\HDUUHWXUQOHYHOIORZRIRYHUFIV 

)LJXUH2QWKHOHIW&XUUHQWFKDQQHORYHUWRSSLQJXQGHUWKH\HDUIORZUDWHRIFIV2QWKH5LJKW
&KDQQHOPRGLILFDWLRQVVKRZLQFUHDVHGRYHUWRSSLQJZLWKDVWDEOHFKDQQHODOORZLQJVHGLPHQWWRILOWHURXWRIWKH
ZDWHUDQGLQWRWKHIORRGSODLQWKXVGHFUHDVLQJWKHVHGLPHQWLQIORZLQWRWKHODNH 



&KDQJHVWRWKHFKDQQHOPDWHULDOVGLGQRWKDYHDQLPSDFWRQWKHFKDQQHOURXJKQHVVZKLFK
VLPSOLILHGWKHFDOFXODWLRQVJUHDWO\&KRZ,PSOHPHQWLQJWKHJUDVVOLQLQJZLOOLQFUHDVHWKH
VHGLPHQWILOWUDWLRQLQWKHFURVVVHFWLRQZKLOHDOVRVWUHQJWKHQLQJWKHVRLOPDWUL[7KHGHFUHDVHG
FDUU\LQJFDSDFLW\ZLOOHQVXUHLQFUHDVHGRYHUWRSSLQJZLWKRXWVDFULILFLQJEDQNVWDELOLW\IRUIORZV
XSWRWKH\HDUIORZUDWH6HDVRQDOFKDQJHVGXHWRFOLPDWHFKDQJHVXFKDVODUJHUVHDVRQDO
UXQRIIYDULDQFHVZLOOOLNHO\QRWDIIHFWWKHFKDQQHO7KHIROORZLQJVHFWLRQZLOOORRNDWWKHSURMHFW
LPSOLFDWLRQVWKURXJKWKHOHQVRIFOLPDWHFKDQJH 

&KDSWHU&OLPDWH&KDQJH$QDO\VLV
2YHUYLHZ
$VFOLPDWHFKDQJHZRUVHQVWKHJHQHUDOREVHUYHGWUHQGIRUZDWHUVKHGPDQDJHUVLQ
&DOLIRUQLDKDVEHHQDQLQFUHDVHLQERWKPDJQLWXGHDQGIUHTXHQF\RI\HDUSHDNIORZV/\QQ
HWDO8QFHUWDLQW\ZRUVHQVKRZHYHUDVWKHUHFXUUHQFHLQWHUYDOGHFUHDVHVPHDQLQJ
UHVHDUFKHUVDUHVWLOOXQVXUHKRZEDVHIORZDQGORZOHYHOIORRGHYHQWVZLOOFKDQJHGXHWRFOLPDWH
FKDQJH$QGWKLVXQFHUWDLQW\RQO\JURZVIRUVQRZ\ZDWHUVKHGVOLNHWKH8757KLVSRVHVD
XQLTXHORQJHYLW\SUREOHPWRIORRGSODLQUHVWRUDWLRQSURMHFWVWKDWDUHW\SLFDOO\GHVLJQHGIRUWKH
WR\HDUIORZV7KHSODQQHGPHWKRGIRUFOLPDWHFKDQJHDQDO\VLVZDVWRDSSO\FOLPDWH
SUHGLFWLRQVWRWKHFDOLEUDWHG6:$7PRGHODQGHYDOXDWHWKHLPSDFWVWRWKH875IORZV7KH
UHYLVHGDOWHUQDWLYHXVHVDYDLODEOHPRGHOHGDQGKLVWRULFGDWDIURPQHDUE\&ROH&UHHNDQGVHYHUDO
FOLPDWHSURMHFWLRQVUHFRPPHQGHGE\WKH&DOLIRUQLD':5WRDSSUR[LPDWHKRZIORZPLJKW
FKDQJHE\WKHHQGRIWKH VWFHQWXU\

&OLPDWH3URMHFWLRQV
(YHQWKRXJKFOLPDWHFKDQJHDQGULVLQJWHPSHUDWXUHVDUHHYLGHQWZLWKKLJKFHUWDLQW\
ORQJWHUPSODQQLQJLVKLJKO\GHSHQGHQWRQKRZKXPDQVPDQDJHHPLVVLRQVWKURXJKRXWWKH
FHQWXU\&OLPDWHPRGHOVDUHW\SLFDOO\UXQXQGHUPXOWLSOHVFHQDULRVGXEEHG5HSUHVHQWDWLYH
&RQFHQWUDWLRQ3DWKZD\V5&3WKDWDVVXPHGLIIHUHQWOHYHOVRIJUHHQKRXVHJDVVHVLQWKH
DWPRVSKHUH)RUH[DPSOH5&3DVVXPHVWKHFXUUHQWHPLVVLRQUDWHZLOOJRXQPLWLJDWHGZKLOH


5&3DVVXPHVDQDJJUHVVLYHUHGXFWLRQLQHPLVVLRQV&ROOLQVHWDO)LJXUHFRPSDUHV
WKHGLIIHUHQWHPLVVLRQVVFHQDULRVDVZHOODVUHFRUGHGYDOXHV


)LJXUH+LVWRULFDOJOREDOVXUIDFHWHPSHUDWXUHPHDVXUHPHQWVYVSURMHFWHGLQFUHDVHVXQGHUDQHQVHPEOHRIFOLPDWH
PRGHOVDQGHPLVVLRQVVFHQDULRV&ROOLQVHWDO

*OREDOFOLPDWHPRGHOV*&0VDUHSURGXFHGE\DYDULHW\RIQDWLRQDODQGLQWHUQDWLRQDO
RUJDQL]DWLRQVDQGFDQKDYHVLJQLILFDQWYDULDELOLW\IURPPRGHOWRPRGHO)RUWKLVUHDVRQVHYHUDO
RYHUGLIIHUHQWFOLPDWHPRGHOVDUHRIWHQXVHGZKHQIDFWRULQJFOLPDWHFKDQJHLQWRGHVLJQ
$GGLWLRQDOO\VRPHFOLPDWHPRGHOVPD\QRWDFFXUDWHO\UHSUHVHQWWKHSUHVHQWRUIXWXUHFRQGLWLRQV
RIDUHJLRQ7KH&DOLIRUQLD':5UHFRPPHQGVPRGHOVIRUSODQQLQJSXUSRVHVLQ&DOLIRUQLD
IRXURIZKLFKZHUHXWLOL]HGLQWKLVFOLPDWHDQDO\VLVWRUHSUHVHQWGLIIHUHQWPRGHOV

0HWKRGRORJ\
:KHQUHVHDUFKLQJDOWHUQDWLYHZD\VWRDQDO\]HFOLPDWHFKDQJHLQWKH875LWZDVHYLGHQW
WKDWWKHUHZDVOLWWOHGDWDDSSOLFDEOHWRWKH7DKRHUHJLRQ6LHUUD1HYDGDZDWHUVKHGVKDYHEHHQ
UHVHDUFKHGH[WHQVLYHO\EXWWKHIRFXVLVXVXDOO\FRQFHQWUDWHGRQWKH1RUWKHUQDQG6RXWKHUQ
6LHUUDVZKHUHDV7DKRHIDOOVEHWZHHQWKHWZRUHJLRQV$OWHUQDWLYHO\&ROH&UHHNLVURXJKO\
PLOHVIURPWKH875ZLWKDVLPLODUPHDQEDVLQHOHYDWLRQDQGODQGFRYHU7KH86%XUHDXRI


5HFODPDWLRQGHYHORSHGSURMHFWLRQVRIGDLO\IORZGDWDIRUVHYHUDOFOLPDWHPRGHOV5&3VDQG
IRUHFDVWSHULRGVZKLFKLVSXEOLFO\DYDLODEOHIRUXVHLQUHVHDUFK5HFODPDWLRQ7KHJDXJH
RQ&ROH&UHHNSLFWXUHGLQ)LJXUHKDVDGUDLQDJHDUHDURXJKO\KDOIWKHVL]HRIWKH875
ZDWHUVKHG8VLQJWKLVKLJKTXDOLW\GDWDDFOLPDWHDQDO\VLVZDVSHUIRUPHGXVLQJWKHIRXUFOLPDWH
PRGHOVOLVWHGLQ7DEOHDW5&3DVVXPLQJVRPHPLWLJDWLRQRIHPLVVLRQVLQWKHIXWXUH


)LJXUH&ROH&UHHNGUDLQDJHDUHDXVHGLQFOLPDWHDQDO\VLVVKRZQLQUHODWLRQWR875ZDWHUVKHG

)RUHDFKFOLPDWHSURMHFWLRQWKHGDLO\IORZVIRUZHUHXVHGWRGHWHUPLQHWKH
\HDUIORZWKHVWDQGDUGGHVLJQIORZIRUIORRGSODLQUHVWRUDWLRQ7KHVHYDOXHVZHUHFRPSDUHG
WRWKHKLVWRULFIORZWRDSSUR[LPDWHDSRVVLEOHSHUFHQWDJHLQFUHDVHRUGHFUHDVHWKDWFRXOGEH
DSSOLHGWRWKH875GHVLJQIORZ7KHUHVXOWVRIWKLVDQDO\VLVDUHVKRZQLQ7DEOH
 


7DEOH6HOHFWHGFOLPDWHPRGHOVDSSOLFDEOHWR&DOLIRUQLDDQGSURMHFWHGLPSDFWVRQ&ROH&UHHNHQGRIFHQWXU\
IORZV


'HVLJQ,PSOLFDWLRQV
7KHGHVLJQWHDPLQWHQGHGWRDSSO\WKHUHVXOWVRIDFOLPDWHDQDO\VLVWRWKHGHVLJQIORZLQ
RUGHUWRGHOLYHUDPRUHVXVWDLQDEOHGHVLJQ,IWKHPRGHOVVKRZLQJLQFUHDVHVLQWKHIORZKROGWUXH
WKHEDQNVZLOOOLNHO\UHPDLQVWDEOH:KLOHWKHEDQNIXOOGLVFKDUJHZRXOGUHPDLQWKHVDPHWKH
\HDUIORZZRXOGLQFUHDVHWKXVLQFUHDVLQJWKHDQQXDOQXPEHURILQWHUDFWLRQVWKHIORRGSODLQ
ZLOOEHXVHG$GHFUHDVHLQIORZPDJQLWXGHZRXOGGHFUHDVHWKHHIIHFWLYHQHVVRIWKHSURSRVHG
GHVLJQDQGWKHRULJLQDOVFRXULVVXHVFRXOGUHWXUQ7KHYHORFLWLHVDQGVKHDUVWUHVVHVZLOOGHFUHDVH
WKXVPDNLQJWKHIDFWRURIVDIHW\RIWKHGHVLJQJUHDWHUWKHUHZLOOEHOHVVIORRGSODLQLQWHUDFWLRQDQG
OLPLWHGVHGLPHQWILOWUDWLRQLQWKLVUHDFK
$VWKHGHVLJQGHSHQGVKHDYLO\RQZKHWKHUIORZVLQFUHDVHRUGHFUHDVHWKHGHVLJQWHDP
HOHFWHGWRQRWDSSO\WKHDQDO\VLVUHVXOWVWRWKHGHVLJQIORZ7KHGLVDJUHHPHQWLQSHUFHQWFKDQJH
DPRQJWKHIRXUPRGHOVVHOHFWHGZDVGHHPHGWRRJUHDWWRMXVWLI\RQHYDOXHRYHUDQRWKHU7KHVH
PRGHOVDUHEXLOWPRUHWRZDUGDJOREDOVFDOHDQDO\VLVRIFOLPDWHFKDQJHDUHGLIILFXOWWRDSSO\WR
VPDOOZDWHUVKHGVVXFKDVWKH875DQGHYHQKDUGHUWRDSSO\WRORZUHFXUUHQFHIORZV&DOLIRUQLD
K\GURORJ\LVDOVRQRWRULRXVO\GLIILFXOWWRSUHGLFW/\QQHWDO$GGLWLRQDOO\DVIORZV
DSSURDFKWKHVWUHDP¶VEDVHIORZWKH\EHFRPHPRUHVHQVLWLYHWRIDFWRUVOLNHWHPSHUDWXUHDQG
SUHFLSLWDWLRQVRZDUPHUPRGHOVZLOOKDYHDPRUHGUDVWLFLPSDFW)LQDOO\FRQVHQVXVLQUHVHDUFK
LQGLFDWHVWKDWIRUWKHHQGRIFHQWXU\UHJDUGOHVVRISUHGLFWHGZDUPLQJYDULDELOLW\IURPPRGHOWR
PRGHOIORZVZLOOLQFUHDVHLQPDJQLWXGHIRUDOOUHFXUUHQFHLQWHUYDOV'DVHWDO&ROOLQVHW


DO0DXUHUHWDO,WZDVGHWHUPLQHGWKDWOHVVULVNZDVDVVRFLDWHGZLWKPDLQWDLQLQJ
WKHGHVLJQIORZDVWKHFKDQQHOZLOOEHDEOHWRIXQFWLRQXQGHUDIXWXUHIORZLQFUHDVH

&KDSWHU&RVW(VWLPDWH

7KHGHVLJQWHDPSHUIRUPHGDSUHOLPLQDU\FRVWHVWLPDWHRIPDWHULDOVDQGFRQVWUXFWLRQ
EDVHGRQWKHGHVLJQ6RPHNH\DVVXPSWLRQVLQFOXGHGLQWKLVHVWLPDWHDUHDVIROORZV
Ɣ ,QILOOVRLOVDQGJUDYHOVZRXOGEHVRXUFHGIURP7DKRH6DQGDQG*UDYHOORFDWHGPLOHV
E\URDGIURPWKHQHDUHVWDFFHVVSRLQWWRWKHSURMHFWORFDWLRQ
ż +DXOGLVWDQFHDVVXPHGPLOHVURXQGWULSDWPLOHVSHUKRXU
Ɣ 7ROLPLWHQYLURQPHQWDOGLVWXUEDQFHDQGEDVHGRQVWUHDPUHVWRUDWLRQEHVWSUDFWLFHVD
VLQJOHòFXELF\DUG&<H[FDYDWRUZRXOGEHXWLOL]HGWRSHUIRUPDOOFKDQQHO
LPSURYHPHQWV
Ɣ ,WLVH[SHFWHGWKDWWRWDOFRVWVIRUWKLVSURMHFWDUHPXFKKLJKHUWKDQHVWLPDWHGGXHWRDODFN
RIH[SHULHQFHLQHVWLPDWLQJVWUHDPUHVWRUDWLRQSURMHFWV)RUWKLVUHDVRQD
FRQWLQJHQF\ZDVLQFOXGHGLQWKHFRVWHVWLPDWH

8VLQJ560HDQVFRQVWUXFWLRQHVWLPDWHVDQGFXELF\DUGFRVWVRILQILOOPDWHULDOVIURP
7DKRH6DQGDQG*UDYHOWKHSUHOLPLQDU\HVWLPDWHVKRZQLQ7DEOHZDVSHUIRUPHGHVWLPDWLQJ
WKHFRVWRIPDWHULDOVFRQVWUXFWLRQDW

7DEOH3UHOLPLQDU\FRVWHVWLPDWHRIFRQVWUXFWLRQDFWLYLWLHVDQGPDWHULDOV




&KDSWHU&RQFOXVLRQ
7KHSULPDU\FRQFHUQRIWKLVSURMHFWZDVWRPLWLJDWHWKHHURVLRQRI0LGGOH5HDFKHV	
LQWKH875ZDWHUVKHG7KHGHVLJQWHDPLVFRQILGHQWWKDWWKLVGHVLJQERWKPHHWVWKDWFULWLFDO
FRQVWUDLQWDQGZLOOFRQWLQXHWRPHHWWKDWFULWHULDXQGHUVHYHUDOSRVVLEOHFOLPDWHFKDQJHVFHQDULRV
E\WKHHQGRIFHQWXU\'XHWRWKHODFNRIPRELOLW\DQGUHVRXUFHVDVDUHVXOWRIVKHOWHULQSODFH
WKHGHVLJQWHDPUHFRJQL]HVWKDWWKHUHDUHOLPLWDWLRQVWRVRPHDVSHFWVRIWKLVSURMHFW)RUSURMHFWV
WKDWZLVKWRLQFRUSRUDWHFOLPDWHFKDQJHGHWDLOHGVLWHVSHFLILFGDWDDQGPRGHOLQJDVZDV
RULJLQDOO\VFRSHGWKURXJK6:$7LVSUHIHUUHGWRWKH&ROH&UHHNHVWLPDWHV$GGLWLRQDOO\VXUYH\V
RIWKHFKDQQHODQGVXUURXQGLQJIORRGSODLQZRXOGKDYHDGGHGDVLJQLILFDQWLQFUHDVHLQGHWDLOIRU
WKHK\GUDXOLFPRGHOLQJDQGVHGLPHQWWUDQVSRUWFDOFXODWLRQV8VLQJWKHGDWDDYDLODEOHKRZHYHU
WKLVFKDQQHOLVVDIHDJDLQVWLQFLVLRQXQGHUFXUUHQWFRQGLWLRQVDVZHOODVXQGHUDQLQFUHDVHLQ
IORZ



 


5()(5(1&(6

$EEDVSRXU.DULP&6:$7&836:$7&DOLEUDWLRQDQGXQFHUWDLQW\SURJUDP²DXVHUPDQXDO
%DLUG')RWKHUE\/.OXPSS&	6FXORFN0%DQN6WDELOL]DWLRQ'HVLJQ*XLGHOLQHV 5HS1R
65+'HQYHU&RORUDGR8QLWHG6WDWHV%XUHDXRI5HFODPDWLRQ

%HUQDUG-0)ULSS-	5RELQVRQ.6WUHDP5HVWRUDWLRQ'HVLJQ+DQGERRN1DWLRQDO
(QJLQHHULQJ+DQGERRN9,3DUW86'HSDUWPHQWRI$JULFXOWXUH1DWXUDO5HVRXUFHV&RQVHUYDWLRQ
6HUYLFHKWWSGLUHFWLYHVVFHJRYXVGDJRYYLHZHU)6DVS[

&ROOLQV05.QXWWL-$UEODVWHU-/'XIUHVQH7)LFKHIHW3)ULHGOLQJVWHLQ;*DR:-*XWRZVNL7-RKQV
*.ULQQHU06KRQJZH&7HEDOGL$-:HDYHUDQG0:HKQHU/RQJWHUP&OLPDWH&KDQJH
3URMHFWLRQV&RPPLWPHQWVDQG,UUHYHUVLELOLW\,Q&OLPDWH&KDQJH7KH3K\VLFDO6FLHQFH%DVLV
&RQWULEXWLRQRI:RUNLQJ*URXS,WRWKH)LIWK$VVHVVPHQW5HSRUWRIWKH,QWHUJRYHUQPHQWDO3DQHORQ
&OLPDWH&KDQJH>6WRFNHU7)'4LQ*.3ODWWQHU07LJQRU6.$OOHQ-%RVFKXQJ$1DXHOV<
;LD9%H[DQG300LGJOH\HGV@&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH8QLWHG.LQJGRPDQG1HZ
<RUN1<86$

&XQQDQH&$QRWHRQWKH3RLVVRQDVVXPSWLRQLQSDUWLDOGXUDWLRQVHULHVPRGHOV:DWHU5HVRXUFHV5HVHDUFK


'DOU\PSOH7)ORRGIUHTXHQF\DQDO\VHVPDQXDORIK\GURORJ\3DUW1R$86*32
3DUUHWW&9HLOOHX[$6WHGLQJHU-5%DUWK1$.QLIRQJ'/	)HUULV-&5HJLRQDO
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